Background The prognostic significance of CC chemokine receptor type 7 (CCR7) for survival of patients with gastric cancer remains controversial. To investigate the impacts of CCR7 on clinicopathological findings and survival outcome in gastric cancer, we performed a metaanalysis. Methods A comprehensive search in PubMed, Embase, the Cochrane Library, and the CNKI database (1966 to November 2015) was undertaken for relevant studies. The relative risk and hazard ratios with their 95 % confidence intervals were used as measures to investigate the correlation between CCR7 expression and clinicopathological findings and overall survival rate. Sensitivity analysis was conducted to assess the stability of outcomes. Results Fifteen eligible studies comprising 1697 participants were included in our analysis. The pooled relative risks indicated CCR7 expression was significantly associ- Conclusions Our meta-analysis indicated high CCR7 expression is likely to be a negative clinicopathological prognostic factor for patients with gastric cancer and to predict a worse long-term survival outcome.
Introduction
As a G-protein-coupled and seven-span transmembrane protein, CC chemokine receptor type 7 (CCR7) is expressed in T cells and mature dendritic cells [1, 2] . Secondary lymphoid chemokine (CCL21) and EB11-ligand chemokine (CCL19) are its two high-affinity ligands. CCR7 binding with its ligands could promote immune cell viability and induce homing of immune cells to secondary lymphoid organs in immunological and inflammatory processes [3, 4] . Studies revealed that several chemokines and their receptors, such as stromal cell derived factor 1/ CXCR4 and CCL1/CCR8, can promote cancer cell dissemination and metastasis [5] . CCR7, the chemokine receptor also expressed in multiple carcinomas, facilitates lymph node metastasis [6] . Many studies have been conducted to understand the relationship between CCR7 expression and clinicopathological features and 5-year overall survival (OS) rate, but a unanimous conclusion has yet to be reached. The prognosis of CCR7 expression in gastric cancer reported by different researchers was contradictory [7] [8] [9] [10] .
To address this issue, we pooled results of relevant articles through meta-analysis to investigate the value of CCR7 as a prognostic marker for OS rate and determine the relationship between CCR7 expression and clinicopathological features of gastric cancer.
Methods

Data source
A systematic literature search of PubMed, the Cochrane Library, Embase, and the CNKI database (http://www.cnki. net) from 1966 to November 2015 was undertaken with restriction to English and Chinese. The strategy used was to search for the following words in relevant articles: ''gastric'' or ''stomach''; ''neoplasm,'' ''cancer,'' or ''malignant tumor''; and ''CCR7'' or ''chemokine receptor 7.'' We used the function ''related article'' in the database, and this was applied to search relevant articles. Articles in the reference lists were searched if they were likely to be of relevance to this topic. Two investigators (P. Du and Y. Liu) performed the literature search independently.
Inclusion criteria
Patients in the study or the study properties had to fulfill the following criteria to be were included in the analysis.(1) either randomized controlled studies or observational studies were allowed; (2) patients with pathologically confirmed gastric cancer who underwent detection of CCR7 in tumor cells; (3) studies evaluating the relationship between CCR7 expression and parameters such as clinicopathological features and/or 5-year OS rate; and (4) studies containing sufficient published data to determine an estimate of the relative risk (RR), the hazard ratio (HR), and their 95 % confidence intervals (CIs) calculated by multivariate analyses with a Cox proportional hazards regression model. Studies were excluded for if they (1) had no dichotomous groups with CCR7 expression and (2) investigated CCR7 in peripheral lymphocytes of gastric carcinoma and its clinical significance, rather than in tumor cells. When there were multiple publications regarding the same patient group, only one publication was included.
Data extraction
Two investigators (P. Du and Y. Liu) reviewed the abstracts and full-text articles that were obtained. They sought help from a third party (G. Huang) when they could not reach a consensus. Disagreements were resolved by consultation. Studies were included in the meta-analysis only if all three reviewers agreed on their inclusion.
Quality assessment
In accordance with the Newcastle-Ottawa scale [11] , quality assessment mainly focused on selection (representativeness, selection of the nonexposed, ascertainment of exposure, and outcome of interest), comparability of cohorts on the basis of the design or analysis, and the outcome (assessment and follow-up) of the original studies. Assessment was performed independently by two reviewers (P. Du and Y. Liu). Discrepancies were resolved by consensus in the presence of a third investigator (G. Huang).
Statistical analysis
The RR with its 95 % CI was chosen to investigate the association between clinicopathological features and CCR7 expression in gastric tumor cells. The HR, which takes into account the number of events and the timing of events, with its 95 % CI was adopted to pool the studies involved in comparison with the 5-year survival rates. Statistically significant heterogeneity was defined as a v 2 p value of less than 0.1 or an I 2 statistic of more than 50 %. The inverse variance method and the Mantel-Haenszel method were randomly adopted and a fixed effects model was used.
STATA version 12.0 (Stata, College Station, TX, USA) was used to conduct the analyses. We used the ''metainf'' command of STATA to assess the stability of the original data. The possibility of publication bias was assessed by the Begg adjusted rank correlation test with visual inspection of the funnel plot. The trim and fill method was used in this meta-analysis to further assess the possible effect of publication bias [12] . This method considers the possibility of hypothetical ''missing'' studies that might exist, imputes their RRs, and recalculates a pooled RR that incorporates the hypothetical missing studies as though they actually existed.
Results
Study selection
From PubMed, the Cochrane Library, Embase, and the CNKI database, we obtained 1548 relevant articles. After excluding irrelevant articles by reviewing the titles and abstracts of those studies, two investigators (P. Du and Y. Liu) reviewed the full text version of the remaining 30 articles independently in accordance with the inclusion and exclusion criteria. Finally, 15 articles [7] [8] [9] [10] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] comprising data on 1697 participants met the requirement of the analysis. The detailed search steps are described in Fig. 1 .
Study characteristics
All of studies we included were published between 2002 and 2015, and the number of patients in each study ranged from 30 to 307. The proportion of patients with high CCR7 expression ranged from 20 to 72 %. To detect the expression of CCR7, all studies used immunohistochemistry, except for one study, which used reverse transcription polymerase chain reaction, but its percentage of CCR7 expression was consistent with that of the other studies. Clinicopathological features included the age, tumor size, T (tumor) category, stage, vascular invasion, lymphatic invasion, lymph node metastasis, and histological findings. There was a difference in the pooling of HRs. Seven studies reported survival of patients. Four of them reported the value of the HRs and 95 % CIs calculated by multivariate analyses with a Cox proportional hazards regression model. Three of them only reported results that were calculated by Kaplan-Meier estimates (log-rank test), which falls under the univariate analysis category. After consulting the third party, P. Du and Y. Liu decided to exclude the studies reported by Deguchi et al. [15] , Mashino et al. [22] , and Kwak et al. [7] because it was inappropriate to pool HRs calculated by two substantially different statistical methods. These two investigators extracted basic data, and these are shown in Table 1 .
Assessment of quality
In accordance with to the Newcastle-Ottawa scale, the patients in the studies were selected rationally. The final diagnoses were validated by postoperative pathology examination. All patients in different groups came from the same demographic. The criteria dividing patients into different groups were fixed. Most of the articles reported that patients in both groups were comparable. Patients' clinical data were collected from the permanent institutions of the respective hospitals. In each study, the methods of ascertainment for cases and the immunohistochemistry test used to clarify the expression of CCR7 in tumor cells were fixed.
What cannot be assessed in each study is that rare studies described the respondents of two groups.
Correlation of CCR7 expression with clinicopathological parameters RepeƟƟve arƟcles in different database (n=8) Report same data in different arƟcles (n=1) InvesƟgate the expression of CCR7 in peripheral lymphocytes (n=1)
Fig. 1 Flowchart for article inclusion
Expression of chemokine receptor CCR7 is a negative prognostic factor for patients with… 237 Expression of chemokine receptor CCR7 is a negative prognostic factor for patients with… 239 Fig. 2 The forest plot of relative risks was assessed for association between CCR7 and clinicopathological features (age, tumor size, T category, stage). CI confidence interval, RR relative risk Fig. 3 The forest plot of relative risks was assessed for association between CCR7 and clinicopathological features (vascular invasion, lymph node metastasis, lymphatic invasion, histological type). CI confidence interval, LN lymph node, RR relative risk
Expression of chemokine receptor CCR7 is a negative prognostic factor for patients with… 241 Fig. 4 The forest plot of hazard ratios of the 5-year overall survival rate. CI confidence interval, HR hazard rate (Figs. 2, 3) .
Impact of CCR7 expression on 5-year OS
The relationship between CCR7 expression and gastric cancer prognosis is illustrated in Fig. 4 . High expression of CCR7 was significantly associated with a worse 5-year OS rate (pooled HR 0.46, 95 % CI 0.31-0.70, p \ 0.001, fixed effect).
Publication bias
The p values from Begg's tests indicated that there was no significant publication bias for pooled age (p = 0.452), tumor size (p = 0.812), vascular invasion (p = 0.680), lymphatic invasion (p = 0.322), and histological type (p = 0.214) (Fig. 5) . But the publication bias for pooled T category (p = 0.003), stage (p \ 0.001), and lymph node metastasis was significant (p = 0.001). To assess the influence of bias in the three above-mentioned analyses, we undertook a sensitivity analyses using the trim and fill method [24] , which conservatively imputes hypothetical negative unpublished studies to mirror the positive results that cause funnel plot asymmetry. All of the subsequent analyses revealed that the filled outcomes of T category (p = 0.002), stage (p \ 0.001), and lymph node metastasis (p = 0.006) were unchanged (Fig. 6 ).
Discussion
CCR7 expression has been detected in a variety of human cancer cells and has been correlated with increased metastasis, such as breast cancer [25] and colorectal cancer [26] metastasis. However, the prognostic and predictive value of CCR7 in gastric cancer is still controversial. To our knowledge, this present meta-analysis is the first study to systematically evaluate the association between chemokine receptor CCR7 and clinicopathological features and the prognostic factors in gastric cancer. In the present study, a pooled analysis of 15 clinical studies which detected CCR7 expression in tumor cells revealed a negative prognostic outcome in patients expressing high levels of CCR7, and showed a significant correlation between CCR7 expression and deeper tumor invasion, advanced stage, vascular invasion, lymphatic invasion, and lymph node metastasis.
The mechanism of CCR7-CCL19/CCL21 leading to dissemination and metastasis formation is mainly as follows. CCR7 is naturally a homeostatic chemokine receptor and is expressed on various subtypes of immune cells that migrate to and within lymphoid organs. The CCR7-CCL19/CCL21 axis is well characterized for its crucial role in the formation of secondary lymphoid structures under physiological conditions mainly through orchestration of the recruitment of immune cells to these structures [27] . The chemokine CCL21 is immobilized on lymphatic endothelial cells and forms a gradient that gradually decreases in the direction of the interstitium [28] . Cancer cells with upregulated CCR7 disseminate from the primary tumor presumably by sensing the immobilized CCL21 gradient and actively migrate toward the next lymphatic vessel and the T-cell zone of lymph nodes. In addition to contributing to tumor cell survival by activating the phosphatidylinositol-3-kinase/Akt signaling pathway [29] , the CCL21/CCR7 axis can upregulate matrix metalloproteinase 9 [30] , E-cadherin, Slug, vimentin, and N-cadherin [31] , which are considered as markers of epithelial-mesenchymal transition (EMT); that is to say, CCR7 can stimulate cancer cells to acquire an EMT phenotype. Accumulating evidence has shown that the EMT is a pathological process contributing to cancer progression, particularly cancer invasion, dissemination, and metastasis [32] . Coincidentally, CCL19 and CCL21 are abundant in a carcinoma microenvironment, because CCL19 and CCL21 are produced by not only lymphatic endothelium but also cancer cells and stromal cells in carcinoma tissue and pericancerous tissue [33] [34] [35] , which leads to EMT of tumor cells and further promotes the metastasis of tumor cells.
On the basis of the results of the above-mentioned in vitro experiment and the significant relationship between high CCR7 expression and worse clinicopathological features, we have been able to deduce that CCR7 may be associated with a negative OS rate. As expected, our pooling of HRs confirmed our prediction that high CCR7 expression is a significantly negative prognostic factor. In four included studies, the involvement of other prognostic factors, such as TNM stage, lymph node metastasis, and differentiation, was eliminated through statistical methods of adjustment in multivariate analyses. Subsequently, all of the patients underwent curative gastrectomy with necessary lymphadenectomy. Good consistency increased the reliability of our outcomes. However, there were some flaws in our pooling the HRs. All of the articles that were searched did not offer information regarding postoperative chemotherapy/radiotherapy, and the number of censored patients in the study reported by Ishigami et al. [13] was unclear; hence these factors may have caused some inaccuracies in the outcomes. Kwak et al. [7] concluded that the prognosis of patients with a CCR7-positive tumor was better than that of patients with a CCR7-negative tumor. However, these are results of only univariate analyses, and this shows that more relevant trials are still needed to testify the significance of CCR7 with regard to the longterm survival rate.
Other limitations of this meta-analysis must also be considered. Firstly, all the studies came from Asia. This geographical limitation can result in the conclusion that the meta-analysis is not reflective of the function of CCR7, especially in the West. Secondly, the heterogeneity among the studies cannot be ignored. This may be caused by the difference in immunohistochemistry materials and methods, along with the different methods of expression evaluation used. Thirdly, Begg's test showed publication bias in three analyses is significant. The trim and fill sensitivity analysis did not change the general result, suggesting that the association is not an artifact of unpublished studies with negative findings; nevertheless, that possibility is not fully excluded by this method. Fourthly, the sample size in many of the studies was small. Small studies can reflect clinical heterogeneity if small trials were more careful in selecting patients [36] , but can also distort the results of metaanalyses. More large studies are still needed to explore the prognostic function of CCR7 for people in different geographical areas and of different races to clarify the prognostic value of CCR7 in predicting the long-term survival rate and the disease-free survival rate in patients with gastric cancer, to formulate reliable and unique methods of detecting the expression of CCR7, and to explore the curative effect of therapy targeting CCR7 and assess its side effects.
In conclusion, our meta-analysis indicated the expression of CCR7 is a negative prognostic factor in gastric cancer. CCR7 expression has a strong correlation with deeper tumor invasion and more frequent advanced stage disease, lymph node metastases, and vascular and lymphatic invasion, and subsequently predicts a worse longterm survival outcome.
